Abstract Withania somnifera (L.) Dunal, is an important medicinal plant being the source of extremely important compounds like withanolides and withaferin. Influence of different plant growth regulators (PGRs) were evaluated for induction of callus, callus mediated regeneration and production of secondary metabolites in them. Explants for callusing were collected from plants grown in vitro and maximum callusing (98 %) was obtained on MS medium supplemented with a combination of 2,4-dichlorophenoxy acetic acid (2,4-D) (0.5 mgl ). Among different types of calli, best shoot regeneration was observed on green, compact calli produced on MS medium with a combination of 6-benzylamino purine (BAP) and indole butyric acid (IBA). MS medium supplemented with BAP (2 mgl −1 ) showed highest frequency (98 %) of shoot bud regeneration. The micro-shoots were efficiently rooted on MS media supplemented with 0.5 mgl −1
Introduction
Withania somnifera (L.) Dunal commonly known as Ashwagandha or Winter Cherry is mentioned as an important, ancient, ayurvedic drug of India. This plant is reputed to have adaptogenic, tonic, analgesic, antipyretic and abortifacient properties. Its roots are prescribed for hiccup, female disorders, cough, rheumatism and dropsy (Kiritikar and Basu 1975) . The root of this plant is not only a major source of several alkaloids viz. tropine, pseudotropine & somniferine but also important steroids like withaferin A and withanolides (Pati et al. 2008) .
Ashwagandha belonging to family Solanaceae (Gamble 1918) , contains withanolides, which are anti-bacterial, antiinflammatory and enhance body's defense against infection and tumor (Jaffer et al. 1988; Devi et al. 1992) . Roots are also used as sedative for senile debility and for the prevention and for the inhibition of Alzheimer's disease (Kiritikar and Basu 1975) .
This important medicinal plant has now become rare since it is not available in wild condition; the observation has been corroborated by earlier reports (Sivanesan 2007) . Also, it is worth mentioning that withanolide A, a commercially important chemical, constitute a very small part of the plants in vivo. However, there are reports regarding scope of bio-generation of this an important chemical in vitro .
Protocols for in vitro plant production via direct and indirect morphogenesis have many potential applications to any species particularly that of tremendous economic use and medicinal importance such as Withania somnifera. There are reports on in vitro culture of Withania somnifera using different explants (Sen and Sharma 1991; Kulkarni et al. 2000; Manickam et al. 2000; Sivanesan and Murugesan 2005; Sabir et al. 2007; Sivanesan 2007) as well as generation of withanolides in vitro (Roja and Heble 1991; Furmanowa et al. 2001; Ray and Jha 2001; Sangwan et al. 2005; Sangwan et al. 2007 ). There is also a report on the production of withanolide A in cell-suspension cultures of W. somnifera (Nagella and Murthy 2010) . Das et al. (2010) reported production of withaferin A and withanolide A in stage-III (fully differentiated calli) but no production in stage-I (undifferentiated calli). However, few reports have so far been made to observe influence of PGR on the production of secondary metabolite in vitro.
The present study, targeted to optimize the production of callus from different explants, regeneration of whole plants from such calli, origin of the micro-shoot formed within callus and the relation between the PGR used and the synthesis of withnolides in different types of calli.
Materials and methods

Plant material
Seeds of Withania somnifera of 'Jawahar' variety were obtained from the medicinal plant garden of Ramakrishna Mission Ashrama, Narendrapur, Kolkata, India.
Surface sterilization and seed germination
Seeds were washed in running tap water for 2 min followed by washing in Teepol (4 %; v/v) solution for 5 min After that they were disinfected with 0.1 % (v/v) HgCl 2 for 6 min followed by three rinses with sterile distilled water (Sen and Sharma 1991) . The seeds were then inoculated on Murashige and Skoog (1962) ) and combinations of BAP and IBA (Table 2) . Responses were evaluated for callus induction in terms of number of explants producing callus, type of callus produced and also time required for initiation. In case of shoot induction responses were evaluated in terms of frequency of calli showing regeneration, number of shoots regenerated per unit of callus (20×20 mm) and time required for initiation of response.
Root formation
Micro-shoots regenerated from calli (2-3 cm) were transferred to the rooting medium. Half strength of MS medium without PGR, MS basal medium and MS medium containing IBA (0.5-2 mgl −1 ) were used as rooting medium.
However, only the significant results were recorded. The number of roots per shoot, root lengths as well as time of initiation was recorded.
Acclimatization
After proper development of root, plants were removed from medium and gently washed under tap water and then transferred to the plastic pots (net-pots) containing sterile soil-vermi-compost (1:3; w/w) and kept in green house for 3 weeks. After that plants were transferred to the earthen pots containing garden soil.
Histological analysis
Solid callus tissue whether bearing shoot bud or not were fixed in FAA solution (Formalin: Acetic acid: Absolute ethanol) in a ratio 5: 5: 90 (v/v/v) for 48 h before further processing. The fixation process was followed by gradual dehydration and finally embedded in paraffin according to procedure of Johansen (1940) with slight modification. Serial sections (4-10 μm) were cut using LEICA RM 2,235 microtome instrument and then stained with Haematoxylin and Eosin. Sections were examined under a light microscope (BX41, Olympus India Pvt. Ltd. New Delhi), at the power of 4X.
Analysis of pharmaceutically important constituents
According to different types of callus tissue (i.e. friable, solid non-regenerating and solid regenerating) each 0.2 g were air dried, finely powdered and subjected to methanol (5-10 ml) extraction, finally the methanol extracts were distilled and vacuum dried (Pati et al. 2008) . The samples, dissolved in 2 ml of AR grade methanol, were used for analysis of active principles particularly withaferin A and withanolide A by HPTLC. Presence of different active principle along with withanolide A and withaferin A was determined in reference to standard Atlas provided with the Camag HPTLC instrument. A number of secondary metabolites were identified; however, only withaferin A and withanolide A were taken into consideration during the study of secondary metabolites. A Camag HPTLC system equipped with an automatic TLC sampler ATS 4, TLC scanner 3 and integrated software Win CATS version 1.2.3 was used for the analysis. HPTLC was performed on a pre-coated silica gel HPTLC 60F254 (10×10 cm) plate with layer thickness of 0.2 mm. Samples were applied to the plate as 6 mm wide bands with an automatic TLC sampler (ATS 4) under a flow of N 2 gas.
The linear ascending development was carried out in a CAMAG twin trough chamber (20×10 cm) which was pre saturated with 25 ml mobile phase Toluene: Ethyl Acetate: Formic Acid in a ratio 5:5:1(v/v/v) for 30 min at room temperature (25±2°C) and 60 %±5 RH. The length of the chromatogram was 9 cm. Subsequent to the development; TLC plates were dried by using a drier. Evaluation of the plate was performed in the absorption reflection mode at 230 nm, using a slit width of 5×0.45 mm, data resolution 100 μm/step and scanning speed 20 mm/s with a computerized CAMAG TLC Scanner-3, Win CATS software version 1.2.3. The source of radiation utilized was a deuterium lamp emitting a continuous UV spectrum 190 to 400 nm.
Statistical analysis
Each experiment contained 20 replicates and each experiment was repeated three times. The data were analyzed using a one-way analysis of variance (ANOVA) test and means were compared by Duncan's multiple range test (DMRT) at 5 % level of significance (P<0.05) using SPSS software version 17.0.
Results and discussions
Callus initiation and regeneration
Out of three types of explants viz. leaf, shoot tip and node, obtained from 4-6 weeks old in vitro seed germinated plants, leaves proved to be the best explant followed by shoot tip and nodal explants as evaluated in terms of callus formation; the former two types of explants often associated with shoot multiplication. So for further experiments, leaves were used for induction of callus. 2,4-D and IBA either alone, or in combination with KN and BAP were used as shown in (Table 1) showed callusing in minimum number of days (Table 1) . This corroborates with earlier reports in Withania somnifera (Nagella and Murthy 2010; Rani and Grover 1999; Roja and Heble 1991) . The callus developed on media containing various combinations of 2,4-D and KN were soft, friable and greenish white in color (Fig. 1a) . Here, increase in the concentration of PGR varied inversely with frequency of explants showing callus as well as time taken for callusing ( Table 1 ). The combination of IBA and BAP was found to be less suitable, both for induction of callus as well as frequency of explants responded. The other combinations of PGR like 2,4-D & BAP and IBA & KN were also tried without much success. Though they could induce callus, their frequency was insignificant and mostly the calli turned brown immediately after induction. However, it was clear that the PGR were essential both for induction of callus and their maintenance since no calli were observed on MS basal medium alone (Table 1) . In contrast to earlier reports of induction of calli with BAP (Dewir et al. 2010 ) -it was observed that BAP alone was not adequate for induction of callus (Table 1) . A combination of BAP (1-2 mgl −1 ) with IBA (0.5-1 mgl −1 ) could induce calli in 61 % -65 % of explants though a longer period of time was required for such induction (Table 1) . The callus thus produced was soft but compact and light green in color (Fig. 1c) . BAP alone was not at all suitable for induction of callus but it was observed that BAP at a concentration of 2 mgl −1 was the best for maintenance of the calli after induction (Rani and Grover 1999; Kulkarni et al. 2000; Rani et al. 2003; Sivanesan and Murugesan 2008; Ray and Jha 2001; Blakesley and Constantine 1992) . The fact that BAP is important for regeneration and multiplication was also supported by earlier established reports (Manickam et al. 2000; Sivanesan and Murugesan 2008) . However, in contrast to earlier report (Kulkarni et al. 2000) de novo shoot formation from leaf or any other explant in presence of BAP, was not observed. It was interesting to note when shoottip and nodes were used as explant BAP alone induced shoot multiplication but mostly associated with callus formation at the base. Regeneration was never observed in friable calli and it was observed that regardless of the nature of explant or PGR used, both white-friable calli and green compact calli gradually turned brown and necrotic in appearance in course of 4-5 cycles. However, in spite of their appearance they retained their capacity to grow & regenerate new shoot as confirmed through serial microtome sectioning. Though regeneration was observed in 2,4-D containing medium in one instance only, regeneration was best observed in MS medium supplemented with BAP alone or in combination with IBA. This finding is supported by earlier reports for other tissue cultured plants like Camellia sinensis (Agarwal et al. 1992) , Neem (Salvi et al. 2001) , Ocimum sanctum (Singh and Sehgal 1999) , Dendrocalamus asper (Banerjee et al. 2011) , Piper nigrum (Abbasi et al. 2010) .
In contrast to lack of callus formation in MS basal medium, regeneration could be induced in such medium though the frequency of regeneration was few and delayed (Table 2) . Regeneration was best observed in MS medium supplemented with BAP 2 mgl −1 where 98 % of the calli showed regeneration in about 7 days (Table 2 ) of inoculation and it may continue up to 2 years. As mentioned earlier the soft, compact, greenish calli, derived from BAP containing medium gradually turned brown and necrotic in appearance (Fig. 1b) . This coloration may be due enzymatic activities rather than accumulation of phytotoxic chemicals since their capacity for regeneration never ceased -a phenomenon never reported earlier. However, the specific reason behind their change in appearance without altering their physiological characters needs further research. Regeneration was also observed in MS medium with BAP (0.5 mgl −1 ) and IBA (0.2 mgl −1 ) though the frequency of regeneration was slightly less (Fig. 1d) . It was interesting to observe that this medium supported the growth of micro-shoot which was not observed when BAP was used alone for regeneration of shoot along with MS medium. Also, this last combination of PGR supported proliferation of shoot as well as their multiplication when nodes or shoot apex were used as explants.
Rooting, hardening and field trial
In all the cases, frequency of root initiation was 100 % provided IBA was used for root induction (Fig. 1e) . Induction of root varied not only with the PGR but also with the strength of the medium and in contrast to earlier reports it was observed that full strength MS Medium performed better (6-8 rootlets/plant) than ½ strength of MS Medium (4-5 rootlets/plant) when the PGR remained constant (IBA 2 mgl
). Rooting could be induced in MS basal medium with IBA 2 mgl −1 within 7 days of inoculation but it was almost always associated with formation of callus at the bottom. Also the roots are longer in this case than in any other combination (11.5 cm as an average). However, length of root was never considered as an important parameter for evaluation of the rooting media. The micro-shoots, when placed on MS medium supplemented with IBA (0.5 mgl
), showed rooting after 3 weeks or even later. But no callus formation was associated with rhizogenesis in this case. Thus, MS basal medium supplemented with IBA 0.5 mgl −1 was found to be the most suitable rooting media since the earlier media (MS supplemented with 2 mgl −1 IBA) caused callusing which hampers acclimatization. This finding contradict with a recent report on the same material (Fatima and Anis 2012) but somewhat agrees with earlier report (Ghimire et al. 2010 ). More than 95 % of the plants could be successfully acclimatized (Fig. 1f) , in contrast to the earlier reports of 83 % (Rani and Grover 1999), 84 % (Manickam et al. 2000) , 87 % (Sivanesan and Murugesan 2008) . Similar results were reported by Dewir et al. (2010) and Kulkarni et al. (2000) . These plants were found to be extremely susceptible to excess humidity, during & immediately after hardening which may be the plausible reason for increased mortality. Thus, controlling the level of moisture during & immediately after hardening was found to be extremely important.
Histological analysis
Since three types of explants were used for initiation of callus, a histological study was carried out to confirm the origin of the shoot tip. In this case it was observed that the undifferentiated mass of cells, called primary callus was derived from the parenchymatous cells of the explant (Fig. 2a) . A detailed study showed that small group of cells were surrounded by larger cells and these two types of cells together gave rise to shoot apical meristem. It appears that certain small group of callus cells undergo divisions in such a way that produce a larger derivative and together remains in the meristem called initials as proposed by Easu (1977) . In our sections, we have also found similar kind of meristematic division which shows in (Fig. 2b to d) . Histological studies made through serial sections, through differentiating calli further shows the shoot bud initiation along with leaf primordia (Fig. 2e ). The figure (Fig. 2f) shows multiple shoot bud forming region. The detailed histological analysis shows that the shoots regenerated from the leaf derived callus of W. somnifera have no organized cellular connection with the original explant tissue, indicating an adventitious origin.
Analysis of active principles
The results of HPTLC analysis of different types of callus tissues derived from varieties of media containing various combination of PGR are presented in (Fig. 4) . Out of different types of secondary metabolites only withanolide A and withaferin A were taken into consideration. It was interesting to observe that friable callus derived from media containing 2,4-D and KN did not contain withanolide A and withaferin A (Fig. 4a) as compared with the standard chromatogram from CAMAG atlas (Fig. 3) . However solid callus of both non-regenerating ( Fig. 4b) and regenerating ( Fig. 4c ) types derived from media containing IBA and BAP have both of the compounds mentioned above. A comparative study of these three types of calli (Fig. 4d) shows that there is hardly any difference between the regenerating & non regenerating types with respect to their chemical content and it may be assumed that the process of regeneration do not inhibit synthesis of secondary metabolites. This observation though contradicts a recent report (Das et al. 2010 ) but may be due to the influence of specific plant growth regulator used in the media. It is worth mentioning, that reported absence of withanolides in the callus cultures as reported by Roja and Heble (1991) may be due to particular PGR used. In the native plant, withanolide A constitute a very minor proportion of withanolide complement (Nagella and Murthy 2010 ) which may vary due to several reasons including seasonal variation (Das et al. 2009 ), plant to plant variation in chemical content (Ciddi 2006 ) and variation in agroclimatic condition (Ciddi 2006 ). It appears to be relevant to adopt in vitro system which may serve as an alternative source of withanolides and thus may be exploited for efficient biogeneration of such substances throughout the year, which are pharmacologically promising but are severely limited in production. Production of withanolide D, withanolide A, withaferin A, withanone have been reported in organogenetic cultures including hairy roots (Banerjee et al. 1994; Furmanowa et al. 2001; Murthy et al. 2008; Jha 1999, 2001; Ray et al. 1996; Roja and Heble 1991; Sangwan et al. 2007; Vitali et al. 1996) . Recently Nagella and Murthy (2010) reported production of withanolide A in the suspension cultures of Withania somnifera. However no study has so far been observed reporting the presence of withanolide A and withaferin A in solid callus and the influence of PGR in their synthesis. However, selection of high yielding cell line from the calli needs further investigation.
Conclusion
Most of the studies made on regeneration of this plant are mediated through direct regeneration of different types of explants (Sen and Sharma 1991; Ghimire et al. 2010; Fatima and Anis 2012 etc.). Callus mediated regeneration has special significance since it provides the scope of exploiting the somaclonal variation. IBA and BAP appear to be most suitable PGR for establishment of regenerative callus, regeneration and shoot multiplication of regenerants. The browning of the callus observed in this case may be a result of the stress condition induced naturally by the in vitro system. The synthesis of secondary metabolites like withanolide-A and withaferin-A in the in vitro system appears to be influenced by the nature of plant growth regulator, a phenomenon not reported earlier and absence of these two chemicals were clearly related to the presence of PGR like 2,4-D and KN.
